Analysis of ginsenosides in five Ginseng drugs derived from Panax ginseng (white ginseng), P. quinquefolius, P. japonicus produced in Japan, P. notoginseng, and P. vietnamensis using Liquid Chromatography-Fourier Transform Ion Cyclotron Resonance Mass Spectrometry (LC-FTICR-MS) was performed. Ginsenosides in the drugs were identified by the molecular formula obtained from high-resolution mass data and multiple stage MS/MS analysis. Twenty-six known ginsenosides were identified as the major constituents in the extracts of the Ginseng drugs. The five Ginseng drugs showed different reconstructed mass chromatographic profiles and were discriminated from each other.
The Panax genus consists of more than 10 species occurring in Asia and North America. The dried root and rhizomes of almost all taxa in this genus have been available as traditional medicine for more than 2000 years in Asia [1] . However, the respective Ginseng drugs are known to have different properties and medicinal values.
White or red Ginseng produced by either air drying or steaming of Panax ginseng root has a "warm" property and is used to replenish "vital energy", whereas P. quinquefolius (American Ginseng) has a "cool" property and is used for reducing "internal heat" [2, 3] . Notoginseng is famous for its hemostatic effect and its potential to cure hepatitis and cardiac disease [1,4a] . The major active constituents of the Panax drugs are considered to be triterpene saponins, generally referred to as ginsenosides. Until now, more than 200 ginsenosides have been isolated from these drugs. Ginsenosides are derived from 4 types of aglycon moieties (protopanaxadiol, protopanaxatriol, ocotillol and oleanolic acid types) .
Pharmacological studies showed that bioactivities of ginsenosides varied depending on their chemical structure, which includes the type, position, and number of sugar moieties [4b] .
Recently, LC-MS-MS has been extensively applied to on-line analysis of ginsenosides and has proved to be an appropriate analytical tool to obtain the structure information necessary for the differentiation of isomeric ginsenosides [5] . However, low resolution LC-MS analysis is occasionally not sufficient for accurate detection and identification of ginsenosides, due to the interference of endogenous primary metabolites contained in the crude extracts of Ginseng drugs. The Ginseng drugs have similar physical appearances and many ginseng products, including adulterants such as Siberian ginseng (Eleutherococci rhizoma) are sold in various formulations. Therefore, it is necessary to develop a method that can be used for the authentication and evaluation of Ginseng drugs.
LC-FTICR-MS has become a powerful analytical technique for analysis of highly complex mixtures, owing to its exceptional mass accuracy and mass resolution, in the field of proteome and/or metabolome analysis [6] . In order to differentiate and authenticate Ginseng drugs, we carried out the analysis of ginsenosides in crude extracts of Ginseng drugs derived from 5 Panax taxa using LC-FTICR-MS.
The LC-MS analysis of the extracts of Ginseng drugs was performed under negative ion mode with trifluoroacetic acid (TFA) as additive to the mobile phase.
Under these conditions, intense TFA molecular adducts [(M+CF 3 COOH)-H] -for the different saponins of the extracts were observed. In Figure 1 , the negative ion mass spectrum of ginsenoside Rc (protopanaxadiol type) and multiple stage MS/MS spectra are shown.
The first step was the fragmentation of the strong TFA adduct at m/z 1191.5787, giving a deprotonated molecular ion [M-H] -at m/z 1077.59. This latter ion yielded a fragment ion at m/z 945.52. Figures 2 A and B shows the negative ion mass spectra of ginsenoside Rf (protopanaxatriol type) and pseudoginsenoside F 11 (ocotillol type), as well as multiple stage MS/MS spectra. Both compounds have the same molecular formula and gave TFA adduct ions at the same position.
However, the structures of the respective compounds are different and multistep MS/MS analysis gave different spectra. Chan et al. have reported an LC-MS method for the differentiation and authentication of commercial samples of P. ginseng and P. quinquefolius and discussed the problem of the false identification of ginsenoside Rf and pseudoginsenoside F 11 , which have the same molecular weight and similar retention times under most LC conditions [5] . It is well known that P. quinquefolius does not contain ginsenoside Rf, but pseudoginsenoside F 11 , and false-positive identification of ginsenoside Rf in P. quinquefolius samples becomes a problem for chemotaxonomic identification of herbal medicines [5b]. However, the present analytical method could clearly discriminate these two compounds.
As shown in Figure 2 C, chikusetsusaponin IVa, an oleanolic acid type ginsenoside having a C-3 glucuronide and C-20 glucoside, showed successive cleavage of dehydrated glucose and dehydrated It is well known that some ginsenosides contain an acyl moiety, such as acetyl, butenoyl, malonyl and octenoyl groups [8,9,10a,10b] . In Figure 3 , FT-ICR-mass spectra and multiple stage MS/MS spectra of quinquenoside R 1 (acetylginsenoside), quinquenoside I (butenoylginsenoside), quinquenoside II (octenoylginsenoside) and malonylginsenoside Rd (malonylginsenoside) are shown. The first fragmentation observed from the [M-H] -ion is the characteristic loss of neutral molecules originating from the respective acyl moiety.
In Table 2 , identified, known ginsenosides from the extracts of five Ginseng drugs and the calculated mass numbers of the [(M+CF 3 COOH)-H] -ions, as well as their relative abundance in the extracts are shown. Confirmation of eleven major ginsenosides in Table 2 (5 of protopanaxadiol-derived  ginsenosides,  2  of protopanaxatriol-derived ginsenosides, 3 of oleanolic acid-derived ginsenosides and one ocotillol-derived ginsenoside) was carried out by comparison of the retention times in the HPLC and the results of MS analysis of the respective standard compounds, as shown in Figure  4 . In Figure 5 , HPLC chromatograms are shown monitored by UV light (200 nm}, total ion chromatograms and reconstructed mass chromatographic profiles for protopanaxadiol type, protopanaxatriol type, oleanolic acid type and ocotillol type ginsenosides. These chromatograms were created by the superimposition of respective mass chromatograms monitored by the mass numbers of [(M+CF 3 COOH)-H] -ions listed in Table 2 against each type of ginsenosides.
HPLC analyses of ginsenosides using UV detection suffer from lack of sensitivity, as the saponins do not contains strong chromophores and no characteristic peaks were observed in the chromatograms, except for oleanolic acid-derived ginsenosides in the extract of P. japonicus [ Figure 5 C, (1) ].
The reconstructed mass chromatographic profiles showed significant differences in their relative intensities of the four types of ginsenosides. P. ginseng, P. quinquefolius, P. notoginseng, and P. vietnamensis showed relatively high abundances of protopanaxadiol and protopanaxatriol ginsenosides. In contrast, P. japonicus from Japan showed high abundances of oleanolic acid type ginsenosides and an intense peak was observed of a protopanaxadiol type ginsenoside with a retention time of 9 minutes (m/z 1029.5226
The ocotillol type ginsenosides were detected only in P. quinquefolius (PQ) and P. vietnamensis (PV).
LC-FTICR-MS enabled acquisition of high resolution mass spectra with high accuracy and the reconstructed mass chromatograms monitored by calculated high resolution mass numbers provided accurate profiles of specific compounds in the crude samples. In addition, the molecular formula obtained from high-resolution mass data and MS/MS analysis data permitted the identification of detected (3) protopanaxadiol-derived ginsenosides, (4) protopanaxatriol-derived ginsenosides, (5) oleanolic acidderived ginsenosides and (6) Table 1 were deposited in the Museum of Materia Medica, Institute of Natural Medicine, University of Toyama (TMPW).
Chemicals, reagents and standard saponins: All standard saponins, except ginsenoside Rc, were previously isolated and identified in our laboratory with a content of more than 98%, confirmed by HPLC analysis [8a] . Ginsenoside Rc was purchased from Wako Chem. Inc. (Japan). All chemicals (analytical grade) and chromatographic solvents (HPLC grade) were purchased from Kanto Chemical Co., Inc. (Japan).
Apparatus and analytical conditions:
The LC-FTICR-MS system consisted of a Finnigan Surveyor 
6)
HPLC system interfaced to a Finnigan LTQ ion cyclotron resonance mass spectrometer (Thermo Electron, Waltham, MA) fitted with an electrospray ionization (ESI) source. Chromatography was performed on a Thermo Electron Hypersil gld ODS column (2.1 X 150 mm, 3 μm) using 0.3 mL/min mobile phase gradient programmed from water (A), acetonitrile (B) and 0.1% TFA (C) as follows: (A/B/C): 60:30:10 (t = 0 min), 0:90:10 (t = 20 min), 0:90:10 (t = 40 min). The ESI source was operated in negative ion mode at 3.0 kV and the spray was pneumatically assisted with sheath and auxiliary nitrogen gas at 40 and 5 psi, respectively. The heated capillary temperature was 350˚C and the voltage was -4.0 V. The mass spectrometer was set to survey ions in the range m/z 550-2000 and to subject the most abundant ions in the scan to MS/MS analysis automatically. In multiple stage MS/MS analysis, the scan range in respective measurements was modified to cover the appropriate mass range.
Sample preparation: Each sample was pulverized and the powder screened through 150 μm sieves. The fine powder (1.0 g) was accurately weighed and extracted with 7 mL 70% ethanol by ultrasonication at room temperature for 30 min. After centrifugation at 2500 rpm (H-103N centrifuge, Kokusan, Japan) for 10 min, the supernatant was separated. These extraction procedures were repeated 3 times using each time 6 mL 70% ethanol, and the extracts were combined in a volumetric flask, before 70% ethanol was added to obtain a final volume of 25 mL. The solution was filtered through a 0.2 μm Millipore filter unit (Advantec, Japan), and 10 μL of the filtrate was injected into a LC-FT-MS system for analysis.
